We use data from the Health and Retirement Study (HRS) to document the distribution of out-of-pocket medical spending among individuals aged 55 and over in the US. The HRS data permit us to examine out-of-pocket spending close to the end of life and to analyse the components of spending in more detail than has been done in previous studies. We find that spending risk rises sharply at older ages and near the end of life. While the median individual spent $6,328 out-of-pocket in the last year of life, 5 per cent were reported to have spent over $62,040. Our results also indicate that out-of-pocket spending is highly concentrated, with the top 10 per cent of spenders accounting for 42 per cent of all spending, and persistent, even over periods spanning many years. Finally, while certain categories of spending are very responsive to * Submitted February 2016.
income and wealth, we do not find overall spending to be highly concentrated along these dimensions. Viewed within the international context, our results suggest that the fraction of households facing very high out-of-pocket spending is substantially greater in the US than in other developed countries.
Policy points
r Households in the US face large out-of-pocket medical expenditure risk near the end of life. While the median individual spent $6,328 in the last year of life, 5 per cent of those surveyed were reported to have spent over $62,040.
r Much of the sharp increase in spending risk that occurs at older ages and near the end of life can be attributed to the fact that middle-income households in the US generally do not hold insurance -public or private -that covers long-term care services, such as nursing homes.
r Our results suggest that the fraction of households facing very high out-ofpocket spending is substantially greater in the US than in other developed countries.
I. Introduction
There is an emerging consensus that catastrophic health care costs are very important in developing countries, but the evidence on developed countries is less clear, with some estimates suggesting that as little as 0.5 per cent of US households are subject to high health care expenditures in any given year.
1 With out-of-pocket spending as a fraction of total health care expenditures declining over time in the US, 2 one might think that US government and private health insurance are successfully insuring against such risks. Contrary to this view, we have found in previous work using the Health and Retirement Study (HRS) that out-of-pocket expenditure for health care represents a substantial financial burden for many elderly people, particularly for those near the end of life or with dementia. 3 In this paper, we take a new look at out-of-pocket expenditures, focusing on variations across demographic groups and with particular attention paid to such spending near the end of life. We are able to provide more detail on components of spending and cast a wider net on types of spending than previous studies. De Nardi et al. (this issue) use the Medicare Current Beneficiary Survey (MCBS) to document patterns of out-of-pocket health care expenditures in the US, but these tabulations look only at total spending and lack detail Finally, our results suggest that the fraction of households facing very high out-of-pocket spending is substantially greater in the US than in other developed countries. Among the studies in this issue that do tabulate out-ofpocket expenses for other countries, the distribution of spending appears to be considerably narrower than what we find for the US. 7 And while we cannot adjust across countries for quality of care or differences in tastes for medical care, the reality faced by elderly households in the US is large and highly variable out-of-pocket expenditures, with potentially large effects on saving behaviour and the well-being of elderly Americans. 
II. Data
The Health and Retirement Study is a longitudinal survey of the US population approximately aged 50 and over and their spouses or partners. The survey was begun in 1992 with a sample of 12,652 individuals who were born between 1931 and 1941 or who had a spouse or partner born in those years. In the case of couples, both parties were interviewed. These initial HRS respondents have been interviewed biennially ever since and will be followed until they die or attrit from the sample. A second cohort -individuals born in 1923 or earlier and their spouses and partners -was interviewed in 1993 and again in 1995. These surveys were referred to as the Asset and Health Dynamics of the Oldest Old (AHEAD). In 1998, the AHEAD cohort was merged with the original HRS cohort. In addition, two new cohorts of individuals were added, those born between 1924 and 1930 (Children of the Depression Age, CODA) and those born between 1942 and 1947 (War Babies, WB) . These additions made the sample in the 1998 interview approximately representative of the population aged 51 and over. Refresher cohorts have since been added in 2004 and 2010 to keep the sample approximately population representative when properly weighted.
The HRS has several noteworthy attributes that facilitate the study of outof-pocket medical expenditures. First, rather than a single measure of total expenditures, it collects detailed information on spending, utilisation and insurance coverage for a variety of expenditure categories. Second, to deal with non-response, the HRS allows respondents who either do not know or refuse to disclose their actual expenditure to report a range for their spending. For instance, in lieu of reporting an exact dollar amount spent on a particular expenditure category -hospital stays, for example -an individual may instead report that they spent somewhere between $1,000 and $5,000. The particular range is arrived at through a series of unfolding 7 As we discuss in the conclusion, OECD statistics on aggregate out-of-pocket expenditures across countries show the US near the median, but spending in the US appears to exhibit far more variability, potentially placing more households at serious financial risk. 8 Hubbard, Skinner and Zeldes, 1995; De Nardi, French and Jones, 2010. Fiscal Studies C 2016 Institute for Fiscal Studies bracket questions, an HRS innovation known as 'random-entry bracketing'. Finally, in addition to the biennial interviews (referred to hereafter as 'core' interviews), when a respondent dies the subsequent core interview is conducted with a knowledgeable survivor -typically the spouse if one is available, or a child, although neighbours and others have been interviewed. These 'exit' interviews are critically important for obtaining an accurate measurement of medical spending at the end of life. The categories available in the HRS vary both across survey years and between core and exit interviews, but they generally include spending on nursing homes, hospital inpatient stays, doctor visits, home care, special services and facilities, helpers and insurance costs. 9 Insurance costs include long-term care insurance premiums, private health care premiums such as those for 'Medigap' supplemental Medicare insurance policies, and premiums for Medicare Part B, Medicare HMOs, and Medicare Part D prescription drug benefits.
10 Beyond these categories, spending on outpatient surgery and on dentist visits are available in core interviews in all survey years and in exit interviews beginning in 2010. Exit interviews also contain data on spending on hospice care, non-medical expenditures -including, for example, home modification expenditures and housekeeping -and a catch-all 'other' category for expenditures not covered by these categories.
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Within each category of spending, questioning generally follows a fairly standard pattern. Typically, respondents are first asked whether they used a particular service. For certain services -including visits to doctors, hospitals, nursing homes and hospices -the number of visits or nights spent is also elicited. For those who do not use the particular service or who are unaware of whether they used it, the strand of questioning stops here. However, if the use of a particular service is reported, the respondent is then asked whether their insurance covered all, some or none of the expense. Those for whom insurance coverage was less than complete, for whom the extent of coverage was unknown or who reported that the costs were not yet settled are asked for the total amount spent. Spending is typically reported for the period between the end of the previous interview and the current interview, regardless of the 9 Note that throughout this paper the label 'hospital' is used in reference to inpatient hospital spending only and excludes outpatient expenditures.
10 Spending on Medicare Part B is not recorded in the HRS. We impute spending on the basis of whether the respondent was reported to have been covered by Part B, and we adjust premiums using information on household income, marital status and whether the respondent was covered by Medicaid. 11 In 2010, the question regarding the 'other' spending category was added to the core interviews while the question on 'non-medical' expenditures was eliminated from the exit interviews and replaced with a more specific -but not entirely identical -question on home modifications. Throughout this paper, we combine the non-medical (2008 and earlier) and home modification (2010 and later) categories into a single expenditure category that we label 'non-medical'. 12 We utilise all of this information in our imputation procedure.
Our imputation procedure has three broad steps. First, we cap outlier expenditure amounts at limits that reflect both the time elapsed since the previous interview and our knowledge of what might constitute a reasonable maximum expenditure over that period. Second, where a continuous report for spending is unavailable, we impute values using the elicited spending ranges obtained from the bracketing questions. Finally, where brackets are also unavailable, we impute remaining missing values using additional available information on utilisation and insurance coverage. All imputations are done separately for core and exit interview data. The following paragraphs elaborate on our imputation methodology.
The first problem that we confront in our imputation procedure is the handling of outliers. We must be careful not to accept erroneous values of spending -a type II error -while also taking care not to wrongfully eliminate extreme, but correctly reported, amounts -a type I error. To deal with the outliers, we impose caps on maximum monthly expenditures in each spending category. These caps are reported in Table 1 . The cap that we ultimately apply to an individual observation is adjusted for the amount of time elapsed between interviews. For instance, the monthly cap we use for nursing home spending is $15,000 (2010 dollars), so we assume that an individual with 24 months elapsed since the previous interview could have realistically spent at most $15,000 per month for 24 months, or $360,000.
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When applying the caps to the expenditures in a particular year, we also convert the caps from the 2010 dollar amounts reported in Table 1 into the current dollars of the particular year (for example, 2014) using the personal core expenditures chain-type price index. Therefore, while the value of the monthly cap for a given spending category is constant in real terms across interview years, the caps that we apply in particular interview years vary in nominal terms.
In the second step of our imputation procedure, we impute a continuous value for each bracketed response. To do so, we use the unweighted mean of all continuous values within that bracket across all survey years. 14 12 There are a few important exceptions. For new interviewees, the survey requests spending over the previous two years. For the 'helper' category, core interviews ask for spending in the 'last month' while exit interviews ask for a 'typical month'. We assume that helper expenditures take place for four months or the time elapsed between interviews, whichever is shorter. In addition, insurance payments may be reported at various frequencies -for example, monthly or quarterly -and respondents are asked to report average monthly prescription drug expenditures. 13 For further discussion of the rationales behind particular caps, see Marshall, McGarry and Skinner (2011, pp. 110-11). 14 These bracket imputations are not conditioned on any other covariates. Exceptions occur for helpers, where bracket imputations take into account the number of helpers, and for insurance premiums, where the imputations distinguish between individuals with a single plan and those with multiple plans. We use responses for all years in order to have a thicker sample. Were we to limit the set of continuous reports over which we calculate the withinbracket means to just a single year, certain categories of spending would have intervals with very few observations. We do this process separately for each survey wave because bracket endpoints are denominated in the currency of the survey wave. In cases of incomplete brackets wherein a respondent fails to report an upper limit, we use our capped value multiplied by the number of months elapsed between interviews as an upper limit. In addition, if the product of our monthly cap and the months elapsed between interviews is smaller than the reported upper bracket, we replace the bracket with our cap. If a lower bracket is not supplied, we use zero as the default lower bracket. The third and final step of the imputation procedure applies to cases where brackets are not supplied. In these situations, we first use information on the intensive margin of service utilisation. For spending on overnight stays in hospitals and nursing homes or visits to the doctor, we can obtain the number of nights spent or the number of visits. Using data from all survey waves from 2002 to 2012, we compute average spending per night or visit, separately for 
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In cases where intensive margin utilisation data are not available, we impute missing values using a sequential procedure based on extensive margin utilisation data and insurance coverage. First, for individuals who report spending not fully covered by insurance, we impute the mean spending over all individuals in their survey year with positive expenditures. Second, to individuals whose expenses were covered, we assign zeros. Third, to individuals unsure about their coverage, we impute the mean taken over all individuals in their survey year whose coverage information was known, including both those whose usage was fully covered and those whose usage was not. Fourth, we impute zeros to individuals who did not use the service in question. Finally, for individuals unsure of whether they used the service, we impute the mean taken over all individuals, including both those who used and those who did not use the service. Using this mean takes into account all of the various possibilities that these individuals may or may not have used the service, which may or may not have been covered by their insurance.
We limit our analyses in this paper to the core and exit interview data from 2008-12 survey waves to capture out-of-pocket spending patterns subject to Medicare Part D prescription drug coverage, which was implemented in 2006. Using data from the later years of the survey also mitigates the bias in the earlier survey years due to sampling from only the non-institutionalised population when the survey was initiated. Note, however, that the bracket imputations are done using means computed from the full range of the data from 1995 to 2012. We also restrict our sample to include only HRS respondents aged 55 and over.
All expenditure amounts reported in this paper have been converted to 2014 dollars using the personal core expenditures chain-type price index and annualised by dividing spending by the number of months elapsed between interviews -or between the final core interview and the date of deathand multiplying by 12. Throughout this paper, all means and quantiles are calculated using household sample weights provided by the HRS. Because decedents are assigned zero sample weights, we use weights from preceding core interviews for them. 16 Finally, wherever the natural logarithm of a variable is used, observations are first bottom-coded at 10 per cent of the sample mean, taken in the particular survey wave in which the observation occurs.
III. Data validation
Several studies have already thoroughly examined the validity of the HRS data through comparisons with alternative data sets. While Hurd and Rohwedder (2009) find that aggregate spending in the HRS is up to 60 per cent greater than aggregates based on the Medicare Expenditure Panel Survey (MEPS) and the Medicare Current Beneficiary Survey (MCBS), most researchers conclude that the HRS does not overstate out-of-pocket spending. French and Jones (2004) find that aggregate spending in the HRS is close to aggregates obtained from the MCBS and MEPS after correcting for known under-reporting issues in those data sets. Goldman, Zissimopoulos and Lu (2011) also compare the HRS with the MCBS and MEPS and observe the measures of total out-of-pocket spending to be very similar across the three surveys. In fact, their results suggest that the HRS measures understate non-drug, non-nursing-home spending relative to the MCBS. Consistent with the results from these studies, Marshall, McGarry and Skinner (2011) conclude that aggregate estimates produced using the 2004 HRS data are very close to aggregate estimates based on the National Medical Expenditure Accounts (NMEA).
Most recently, De Nardi, French and Jones (2013) compare means from the MCBS and the AHEAD cohort of the HRS. In appendix A, the authors report that conditional on income quintiles, average out-of-pocket spending among single elderly individuals in the AHEAD cohort is slightly lower across all income quintiles relative to the MCBS. Medicaid recipiency rates are also somewhat lower in AHEAD than in the MCBS, which in turn are slightly lower than official enrolment numbers in the Medicaid Statistical Information System (MSIS). Taken together, the existing body of research on this topic provides us with little reason to doubt the validity of the out-of-pocket spending data in the HRS.
IV. Spending over the life cycle
We begin our analysis by examining the distribution of out-of-pocket medical expenditures over the life cycle. As a first step, Table 2 presents the mean expenditures and various percentiles of spending for each of the spending categories reported in the HRS. 17 The data in the table are for all individuals aged 55 and over in the survey waves 2008-12 and include data from both core and exit interviews. There are a total of 55,044 individual-interview observations, including 3,902 exit interviews (7 per cent) and 51,142 core interviews (93 per cent). Despite accounting for only 7 per cent of the observations in the sample, the exit interviews contribute 21 per cent of the total out-of-pocket spending in the sample. Within particular categories, the influence of the exit interviews is even greater: the exit interviews contribute 46 per cent of spending on hospitals, 55 per cent of spending on nursing homes, 61 per cent of spending on home care and 72 per cent of spending on helpers.
18
Several insights are immediately evident from Table 2 . First, there is considerable tail-risk in out-of-pocket medical spending. Though the median individual spends only $3,504 out-of-pocket per year on health care, much larger expenditures are not uncommon. Ten per cent of individuals spend more than $10,088 per year out-of-pocket and an unlucky 1 per cent spend over $37,254 in a single year. A major component of the expenditure risk is nursing home spending. Though over 95 per cent of individuals spend nothing on nursing homes, those who do pay a great deal. Excluding nursing home expenses reduces the 99 th percentile of total out-of-pocket spending by $11,612.
The outsized role of nursing home spending risk in Table 2 and in the tables that follow owes to institutional characteristics of health care provision in the US. Medicare, the primary source of insurance coverage for the elderly, provides only very limited coverage of long-term care services. Medicaid, on the other hand, provides a wide range of long-term care services, but to be eligible an individual is required to have exhausted nearly all of their income Note: Adjusted to 2014 US dollars. The dots ('·') in certain cells reflect the fact that some variables (for example, hospice spending) are not available in the core interview data. and assets. In addition, relatively few individuals in the US hold private longterm care insurance. As a consequence, for the many individuals in the US with non-negligible assets and without private long-term care insurance, long-term care spending risk is effectively uninsured, resulting in the very substantial out-of-pocket payments that we observe in the HRS. These features of the institutional setting in the US also contribute to the sharp increase in out-ofpocket medical spending in old age, which we explore below, because longterm care services are disproportionately consumed by individuals at older ages.
A second conclusion from Table 2 is that the most sizeable expenditure category is health insurance. This category has the greatest spending at the mean and at all percentiles except for the 99 th , where insurance costs are edged out of first place by nursing home expenses. While the median individual spends $1,916 out-of-pocket on annual insurance costs, 10 per cent of individuals spend $6,086 or more on them. We return to the issue of insurance in Section VIII.
While the majority of the results in this paper are based on the sample that appears in Table 2 , it is illuminating to compute the same set of statistics separately for the core interviews and the exit interviews (for people who died). The results of this comparison appear in Tables 3 and 4. Table 3 presents the statistics computed with only the core interview data, while Table 4 uses only data from the exit interviews. The striking differences between the tables highlight the importance of exit interview spending -the spending nearest to the end of life -as a share of spending over the life cycle. They also illustrate how the influence of the exit interview data is greatly reduced when these observations are pooled with the core interview data. In fact, the results with the pooled data in Table 2 are very similar to the results using only the core interview data in Table 3 . Furthermore, exposure to out-of-pocket risk in the core interview data pales in comparison with the risks found in the exit data. The median individual in the core interviews reports total spending of $3,420 out-of-pocket per year, while 10 per cent spend more than $9,310 in a single year and 5 per cent spend over $12,682. By comparison, the annual out-of-pocket spending by the median individual in the exit interview data is $6,328. In the exit interviews, 10 per cent of survey respondents spent $38,955 or more and 5 per cent were reported to have spent over $62,040 out-of-pocket in their final year. The majority of this spending risk is due to nursing home spending, but considerable risk exists for many categories, including hospital and helper spending. Table 5 compares the expenditure shares of each category for the core and exit interview data.
19 Among those surveyed in the core interviews, insurance costs are by far the most significant category, accounting for 57 per cent of total out-of-pocket expenditure. This category is somewhat less important in the exit interview data but still accounts for 14 per cent of spending. Prescription drug costs are also a significant expenditure in both types of interviews, accounting for 15 and 9 per cent of total spending in core and exit interviews, respectively. Table 5 emphasises once again the importance of nursing home expenditure risk. While nursing home expenditures account for just 6 per cent of core interview spending, they represent 33 per cent of the spending in the exit interview data.
Returning to the analysis of life-cycle spending using the pooled core and exit interview data, Figure 1 depicts the evolution of mean total out-of-pocket expenditures with age. The figure plots three-year moving averages of total spending separately for the six distinct cohorts in the HRS. From the figure, the rise in out-of-pocket spending with age appears to be very gradual until individuals reach their mid 80s, at which point spending rises sharply.
Further details are provided in Tables 6 and 7 , which depict the growth in spending for each expenditure category with age. Table 6 reports mean out-ofpocket spending by expenditure category while Table 7 records the share of total spending accounted for by each category. Both tables present figures for four age groups: 55-64, 65-74, 75-84, and 85 and over. As the tables indicate, much of the steep rise in spending at older ages is accounted for by nursing homes. Mean spending on nursing homes for individuals aged 85 and over is $3,538, which is 3.7 times larger than the mean among individuals aged 75-84 and 22 times larger than the mean among those aged 65-74. While spending on nursing homes accounts for only 3 per cent of spending for individuals aged 65-74, it represents 16 per cent of spending for individuals aged 75-84 and 36 per cent for individuals aged 85 and over. Other categories of spending related to long-term care, such as home health services and helpers, also increase sharply for the oldest age group. While mean expenditures on prescription drugs and insurance costs are consistently large across all age groups, the share of total spending accounted for by these categories declines somewhat with age, especially for the 85-and-over age group. Table 8 The results thus far demonstrate that out-of-pocket spending increases sharply at older ages. An interesting question is whether this pattern is driven primarily by the fact that the elderly are, on average, nearer to the end of life or whether it is simply a feature of old age itself. To explore this question further, the two panels of Table 9 show the age profile of total annual out-ofpocket medical spending separately for the core (upper panel) and exit (lower panel) interview data. The distinction is admittedly imperfect as we make no correction for the fact that individuals appearing in a core interview could have 20 On average, the number of months elapsed between core interviews is 24 and the number between the final core interview and the exit interview is 15. Therefore, for individuals who were still alive in 2012, cumulative spending took place on average over 6 years. For those who died between the 2010 and 2012 interviews, the average duration was 5 years and 3 months. Note, however, that spending is reported for the period since the previous interview for re-interviewees. As a result, for individuals who missed one or more interviews leading up to the 2008 interview, cumulative spending may reflect expenditure over a period longer than 6 years. On the other hand, for individuals who died shortly after their 2010 core interview, the reporting period will be closer to 4 years. Note: The spending measure in both panels is annual total out-of-pocket medical expenditure. Adjusted to 2014 US dollars.
died shortly after the interview. Comparing the panels, it is once again evident that overall spending is much higher in the exit interview data, highlighting the importance of proximity to death. Yet the risk of extreme expenditure does increase significantly with age in both the core and exit interview data, with the increase being particularly sharp for the oldest age group. These results suggest that ageing itself is an important determinant of spending and, furthermore, that out-of-pocket medical spending risk associated with nearness to death may be significantly compounded by ageing.
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Finally, Table 10 shows the evolution of mean total out-of-pocket spending by age and demographics. Rising exposure to spending risk with age occurs 21 To analyse more formally how the age gradient of out-of-pocket medical spending is affected by controlling for proximity to death, for our sample of decedents, we regressed total spending on a constant, the set of age category dummies (ages 65-74, 75-84, and 85 and over) and a quartic in the number of months until death and we compared these results with a specification that excluded the controls for nearness to death. Both regressions were weighted using household weights. (Results are not shown.) We found that the inclusion of the additional controls flattens the gradient of spending with age. The coefficient on the 85-and-over age category decreases significantly from $6,451 to $4,604 and the coefficient on the 75-84 age category falls insignificantly from $1,877 to $1,423. The coefficient estimates on these two categories are significant at the 1 per cent level in both specifications. The results support the conclusion that both ageing and time to death have independent and significant effects on out-of-pocket spending. regardless of gender, race/ethnicity or marital status. On average, across genders and races/ethnicities, mean spending at ages 85 and over is more than twice as large as mean spending at ages 55-64. The ratios are somewhat larger for women and for non-Hispanic blacks. The groups with the largest mean expenditures at advanced ages are non-Hispanic whites, women and single individuals. Because women tend to survive their husbands, it is single elderly females who are at the greatest risk of needing to pay out-of-pocket for long-term care in old age. Table 11 provides evidence on the very high degree of concentration in outof-pocket spending, both overall and within each expenditure category. The upper panel reports mean expenditures across percentile ranges of the spending distribution and the lower panel records the percentage of total spending on a given category that is accounted for by the spenders in each percentile range. For example, from the upper panel, the average annual total out-of-pocket expenditure by individuals in the bottom half of the distribution was $1,515. Together, these individuals accounted for just 13.8 per cent of total out-ofpocket expenditure in the population. By contrast, the average individual in the top five percentiles of total expenditure spent $30,860 out-of-pocket annually. Individuals in the top 5 per cent of spending together accounted for 29.8 per cent of total out-of-pocket spending in the population. The top 10 per cent of spenders accounted for 42 per cent of total expenditure. Within particular spending categories, the degree of concentration is typically much higher. For instance, all nursing home, home care, helper and hospice spending is concentrated in the top 5 per cent of spenders in those categories, reflecting the relative rarity of such services being paid for out-of-pocket in the general population. The top 10 per cent of spenders account for 100 per cent of spending on outpatient surgery, 98.8 per cent of hospital spending, 73.1 per cent of spending on doctor visits, 65.6 per cent of dental spending and 52.6 per cent of prescription drug spending. 22 The bottom 50 per cent of spenders only contribute significantly to expenditures on insurance premiums, where they account for 11.6 per cent of total spending. Indeed, spending on insurance premiums is the only category where the top 10 per cent account for less than 50 per cent of total spending. Even so, within this category, the top 10 per cent still account for 37.2 per cent of total spending.
V. Concentration
Another way to view this information is through the lens of techniques typically used to study inequality, such as the Lorenz curve and the Gini coefficient. Figure 2 presents three Lorenz curves: for total spending, total 22 The high degree of concentration in particular categories also owes to the fact that certain services are infrequently used. For example, nursing home use was reported in only 7 per cent of our observations and home health care was reported in just over 10 per cent. In each case, an even smaller subset of those using the service actually paid for it out-of-pocket: just 3.4 per cent paid for nursing homes and 2.3 per cent paid for home health care. On the other hand, high concentration of spending does not necessarily mean that use of the service is highly concentrated. For instance, despite the fact that out-of-pocket spending on hospital stays is almost entirely concentrated in the top 10 per cent of spenders, hospital utilisation is reported in nearly 30 per cent of our observations. spending excluding spending on nursing homes, and hospital spending. 23 The respective Gini coefficients for these categories are 0.55, 0.51 and 0.97. The high Gini coefficient for hospital spending and the deep bend in its Lorenz curve confirm the highly concentrated distribution of out-of-pocket hospital spending. The high concentration of nursing home spending is suggested by the lower Gini coefficient for total spending when nursing home expenditures are excluded.
The evidence up to this point has indicated that annual out-of-pocket spending tends to be highly concentrated. One interesting question is whether the distribution of spending becomes less concentrated when examined over a longer horizon. To address this question, Figure 3 depicts two Lorenz curves for total spending: one for the pooled interview data from 2008 to 2012 and another for average spending over this period. For comparability, only individuals present in all three waves are included in the construction of both curves. The Gini coefficient is 0.50 for the pooled one-wave expenditures and 0.44 for the 23 Each (x,y) coordinate along the curve represents the cumulative proportion of total spending (on the y-axis) accounted for by the cumulative proportion of the population on the x-axis. The 45-degree line represents perfect equality. Curves closer to the 45-degree line are more equal and those that bend further toward the south-east corner are less equal. 
Cumulative Population Proportion
Total Spending Income Wealth Equality three-wave average. While it is true that concentration is reduced when one averages across a three-interview -roughly six-year -period, the reduction is rather small. As will be shown in Section VI, this fact likely owes to the high degree of persistence in out-of-pocket spending over time. Finally, we compare the concentration of total out-of-pocket spending in our sample with the concentration of income and wealth in the same population.
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This comparison is depicted in Figure 4 , which plots Lorenz curves for total out-of-pocket spending, income and wealth. The distribution of spending in the population turns out to be strikingly similar to the distribution of income, and both of these are relatively more evenly distributed than net wealth. The Gini coefficients for spending, income and wealth are, respectively, 0.55, 0.52 and 0.70.
VI. Persistence
A chief advantage of the HRS relative to other surveys with information on outof-pocket medical spending is the length of the HRS panel. To capitalise on that important dimension of the HRS, in this section we use data from the survey years 1998-2012. We select 1998 because it is the wave in which the HRS becomes approximately representative of the American population aged 51 and over. Over the period 1998-2012, the HRS provides a fairly consistent measure of total out-of-pocket spending covering roughly 16 years. By comparison, the MCBS has panels on medical spending only up to 3 years long. Table 12 reports the correlation coefficients for three categories of outof-pocket spending in both levels and logs across many survey years of the HRS. The first pair of columns display the correlation in total out-of-pocket spending over 1998-2012, the middle two columns contain the correlations for total spending excluding nursing home spending and the last two columns record the results for hospital spending alone. The latter four columns use data only from 2002 to 2012 because hospital and nursing home spending were not measured separately in the HRS prior to 2002. Recall that before taking logs, we bottom-code spending for each category in each wave at 10 per cent of its mean in that wave.
The reported correlation coefficients demonstrate the relatively high persistence over time for total out-of-pocket spending in both levels and logs. The correlation in expenditures between two adjacent survey wavesthat is, between year t and year t-2 -is 0.374 in levels and 0.606 in logs. Serial correlation declines over time, but correlation persists even several years apart. For instance, the correlation in reported spending at interviews six years apart is 0.177 in levels and 0.442 in logs. Results are similar for Note: The three panels display transition matrices for five quintiles of total out-of-pocket spending between waves of the HRS. The panels include all observations from core and exit interviews from the 1998-2012 waves. The top panel displays the two-year (one-interview-wave) transition matrix. In this panel, each (i,j) cell represents the probability of transitioning from quintile i at survey wave t-1 to quintile j at survey wave t. The middle and bottom panels display the analogous six-year (three-interview-wave) and ten-year (five-interview-wave) matrices.
total spending excluding expenditures on nursing homes. By contrast, hospital spending displays almost no serial correlation.
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The three panels of Table 13 report three transition matrices for five quintiles of total out-of-pocket spending between survey waves of the HRS. The top panel presents a one-wave -approximately two-year -transition matrix. Each (i,j) cell in this panel represents the probability of transitioning from quintile i at survey wave t-1 to quintile j at survey wave t. The middle and lower panels report the analogous three-wave and five-wave transition matrices, respectively.
The results in Table 13 confirm the strong persistence in total spending over time. The top panel indicates that 53.2 per cent of individuals in the top quintile of spending in the previous wave will be in the top quintile in the current wave. Among individuals who were in the bottom quintile in the last wave, 58.1 per cent will remain there in the current wave. This finding persists over a longer horizon. Among individuals in the top quintile six years -or three survey waves -earlier, 43.8 per cent remain in the top quintile in the current wave (middle panel). Over ten years, the analogous figure is 39.4 per cent (bottom panel).
In results not shown, among individuals in the top quintile of total out-ofpocket spending excluding nursing home costs in the previous interview, 54.0 per cent remain in the top quintile in the current wave. Comparable figures for hospital spending could not be presented because the degree of concentration in that category is so great that constructing meaningful hospital spending quintiles is not possible.
VII. Income and wealth gradients
Another benefit of working with the HRS relative to other data sets with information on out-of-pocket medical spending is that the HRS has excellent measures of both household wealth and income. In this paper, wealth refers to total household net worth including equity from a secondary residence, and income refers to household income including both asset and non-asset income. These measures have been converted from household-to individuallevel measures using the procedure in Citro and Michael (1995) -that is, by dividing the reported amounts by the number of adults in the household raised to the power 0.7. As income and wealth are not measured in the exit interviews, these variables are drawn from preceding core interviews. If these data are missing from the core interview immediately preceding the exit interview, data from earlier core interviews are used.
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a linear relationship between current and lagged out-of-pocket spending. Non-linear transformations, such as taking logs, will generally alter this measure of correlation. The higher correlations in logs than in levels suggest that the relationship between current and lagged spending is non-linear. In addition, the distribution of medical spending is highly skewed by large outliers. Taking logs squashes the distribution, which reduces the influence of outliers and may also increase the correlations. 26 The exit interviews do include a measure of the total value of the decedent's estate. However, unlike our core income and wealth measures, which we take from the RAND HRS data, imputations are not yet Table 14 shows the gradients of mean total out-of-pocket spending and the degree of spending concentration, by income and wealth quintiles. While neither concentration nor mean spending appears very responsive to income above the bottom income quintile, both increase monotonically with wealth. However, even for wealth, the increase in mean spending across the quintiles is not particularly sharp. Moreover, the degree of concentration, while much greater for wealth than for income, is also perhaps lower than one might expect. Individuals in the top wealth quintile account for 27.3 per cent of total outof-pocket medical spending, while those in the top income quintile account for 22.8 per cent. These numbers are not all that far from income and wealth neutrality, which would imply that spending is 20 per cent in each of the quintiles. Table 15 provides the breakdown of the income gradient in mean spending by the various expenditure categories available in the HRS. The mean total spending of those in the highest quintile is 1.52 times greater than that of those in the lowest quintile. Excluding nursing home expenses, the ratio is 1.72. For the individual spending categories, few patterns are discernible. On the one hand, individuals in the top quintile spend 0.52 times as much on hospitals and 0.36 times as much on nursing homes as those in the bottom quintile. On the other hand, those in the top quintile spend 2.4 times more on insurance and on non-medical health expenses and 3.0 times more on dental expenses. The results are quite similar for wealth quintiles.
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The interpretation of these results is subject to at least two important caveats. First, the relationship in our data between medical spending and income or available for the exit interview data. A second concern is that, for married couples, the estate data are likely to measure only a portion of the household's wealth over the interval. For these reasons, and to maintain consistency with our income measure, which is not available in the exit interviews, we opt to use the core wealth measure from the earlier core interviews. 27 Mean total spending by those in the top wealth quintile is 1.77 times greater than that by those in the lowest quintile. Excluding nursing home spending, it is twice as large. Those in the top wealth quintile spend three times more on insurance and non-medical health care expenses than those in the bottom quintile. wealth should not be understood as representing an elasticity. Our results are based on out-of-pocket medical expenditure data rather than data on total expenditures or the quantity of health care services consumed. This feature of the data is problematic because individuals face different prices for medical services and, furthermore, these prices are both unobservable to us and likely to be correlated with income and wealth. Low-income individuals, for example, are more likely to have their costs covered by Medicaid. Conversely, wealthy individuals may have more comprehensive health insurance coverage.
A second caveat about the results is that they may be biased somewhat by systematic differences in health status across the different income quintiles. To partially control for the influence of health status, Table 16 replicates the income gradients by expenditure category exclusively using the data from the exit interviews. As all individuals in these interviews are near death, their health statuses should be more similar. Comparing the two sets of results, the influence of health is readily apparent. In the exit interview data, those in the top income quintile spend more than those in the lowest quintile for all categories save for hospital and hospice expenditures, where they spend just 0.74 and 0.43 times as much, respectively. There are strong gradients with income in most categories (ratio of means, highest-to-lowest quintile, in parentheses): examples include nursing homes (1.2), prescription drugs (2.5), insurance costs (2.7) and helpers (3.3). Total spending is 1.8 times larger for those in the highest income quintile than it is for those in the lowest quintile. Table 17 shows how the income and wealth gradients of mean total outof-pocket spending vary across four age groups: 55-64, 65-74, 75-84, and 85 and over. The results demonstrate that gradients of spending with income and wealth exist across all age groups. Interestingly, the influence of income does Fiscal Studies C 2016 Institute for Fiscal Studies not seem to vary much with age: the ratio of mean spending by those in the top income quintile to that by those in the bottom one at ages 55-64 is 1.84, and the same ratio is 1.85 for those aged 85 and over. By contrast, the gradient of mean total spending with wealth appears to diminish with age.
VIII. Insurance costs
Due to the particular importance of insurance premiums as an expenditure category and the high quality of the measures of such spending in the HRS relative to other surveys, we devote a separate section to the role of insurance. As was discussed above, insurance costs are a persistently large component of out-of-pocket spending across age groups, accounting for 50 per cent of all out-of-pocket spending in our sample (Table 5 ). Though somewhat less concentrated than other categories, insurance costs display a significant gradient with both income and wealth. In this section, we disaggregate insurance costs into their five components -Medicare Part B; Medicare HMOs; Medicare Part D prescription drug coverage; private insurance, including Medigap; and long-term care insurance -and analyse their distribution, variation with age and sensitivity to income. 28 Table 18 summarises the distribution of expenditures on insurance, reporting the means and various percentiles of spending for each of the five insurance categories available in the HRS. The largest mean insurance expense is for private insurance. For individuals younger than 65, this category typically represents employee contributions to employer-provided health insurance. For older individuals, it represents Medigap supplemental coverage plans. Private insurance is also the most variable category: though the median individual Note: Adjusted to 2014 US dollars. 28 Recall that spending on Medicare Part B is not recorded in the HRS and must be imputed. See footnote 10 for details. In addition, bear in mind that the interpretation of the results in this section may be affected by the fact that the majority of individuals younger than 65 will have zero expenditures on the Medicare insurance categories. spends just $437 on private coverage, 10 per cent of individuals spend $4,666 or more and 5 per cent spend $5,920 or more annually on private coverage. This is likely the consequence of differences in how much their current or past employer pays for their health insurance plan, rather than variations in the cost of the plan per se. As can also be seen in Table 18 , few individuals hold long-term care insurance, though the expenses of those who do hold such policies can be large.
29
The age profiles of mean spending by insurance category appear in Table 19 . Interestingly, mean total insurance costs are roughly constant with age. Though private insurance spending falls at Medicare eligibility -from a mean of $2,320 for individuals aged 55-64 to just $1,249 for individuals aged 65-74 -this decline is offset by a rise in other categories, notably Medicare Part B premiums. Table 20 reports the gradient of insurance spending across income quintiles. In general, no components of Medicare spending appear to be correlated with income. 30 In contrast, both private insurance and long-term care insurance premiums seem to be highly sensitive to income. On the basis of the means in Table 20 , those in the highest income quintile spend 4.0 times more on private insurance and 6.2 times more on long-term care insurance than those in the bottom quintile. Figure 5 compares mean spending over the life cycle among those with different types of insurance. This figure captures both the direct effect of insurance on spending and the influence of other covariates -such as income -that are systematically related to both spending and the choice of insurance coverage. The figure plots three-year moving averages of total out-of-pocket medical spending by age for each of seven different insurance/age categories. Across all ages, those with private insurance (under 65) or private insurance 30 Although Medicare Part B premiums vary programmatically with income, this relationship is offset by the age composition of the sample, which includes many individuals who are not yet age-eligible for Medicare. In particular, individuals in the higher income quintiles are younger on average and thus less likely to be eligible for (and, hence, to pay premiums for) Medicare, meaning that the upper quintiles contain more instances of zero expenditure on Medicare.
Fiscal Studies C 2016 Institute for Fiscal Studies in addition to Medicare (65 and older) have the highest average spending. Individuals with non-Medicare government insurance (under 65) or with both Medicare and Medicaid (65 and older) have the lowest spending. Spending rises gradually from age 65 through one's early 80s, after which it increases steeply. The increases are largest for individuals with Medicare or Medicare in addition to private insurance. In comparison, the increase in spending is muted for individuals who report receiving Medicaid coverage at any point between interviews, consistent with Medicaid coverage of long-term care needs, which rise with age.
IX. Spending at the very end of life
The final set of results in this paper attempt to capture the extent to which spending near the end of life is dominated by spending over the final months or year of life. To this end, Figure 6 plots the fitted values from a regression of Spending, by months until death Note: The figure plots the fitted values from a (weighted least squares) regression of cumulative (not annualised) total out-of-pocket spending until death on a constant and a fourth-order polynomial of the cumulative number of months until death. No other covariates are included. Data from core and exit interviews from the 1998-2012 waves are used, and only respondents whose survivors provided an exit interview are included in the estimation. OOPME is out-of-pocket medical expenses. Adjusted to 2014 US dollars.
cumulative total out-of-pocket spending until death on a constant plus a quartic in the number of months until death. Only decedents whose survivors provided an exit interview are included in the analysis. The figure uses data from all interviews from 1998 to 2012. It indicates that, on average, decedents spent $8,426 out-of-pocket on medical expenses over their last six months of life and $12,479 over their final year. Yet the curve for mean cumulative spending is surprisingly linear with the number of months until death. Spending over the last year of life constitutes 63 per cent of average expenditures over one's final two years of life and it represents just 34 per cent of spending over the final five years. While the contribution of the final year of life is quite significant, considerable out-of-pocket expenditures also occur further from death.
X. Discussion and conclusion
In this paper, we have documented patterns of out-of-pocket medical expenditures in the US, with a particular focus on end-of-life expenditures. We used an imputation approach that seeks to avoid the biases inherent in either counting outlandish responses as real or shrinking the economically important but rare outliers that reflect extremely high costs. While other studies have examined the magnitude of such spending, 31 here we consider both levels and the distribution of out-of-pocket spending over time in far greater detail and in a way that can be compared internationally.
How do these spending measures compare with those in other countries? An early study showed US residents paying a higher fraction of health care costs out-of-pocket, 32 which, coupled with the much higher level of health care spending, implies out-of-pocket spending in dollar terms far in excess of that in other countries. A more recent study comparing out-of-pocket expenditures, however, showed average out-of-pocket spending in 2009 to be just 3.1 per cent of total consumption in the US, below the average of 3.2 per cent in the OECD.
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Yet in this same study, micro-level data showed that the distribution of medical expenses in the US appeared to have a larger variance. For example, 45 per cent of high-income and 29 per cent of low-income households in 2010 experienced an out-of-pocket medical expense in excess of $1,000 in the US. Comparable estimates for the Netherlands were 11 per cent and 7 per cent; for Germany, 10 per cent and 5 per cent; and for the UK, 0 per cent for both income groups. Of course, per-capita GDP is somewhat higher in the US, but not so much higher as to explain these sharp differences across countries. Switzerland is one potential exception to this rule: the corresponding percentages of individuals spending more than $1,000 are still lower than for the US (34 per cent and 20 per cent 31 For example, Hurd and Rohwedder (2009 ), Goldman, Zissimopoulos and Lu (2011 ), De Nardi, French and Jones (2013 ) and De Nardi et al. (2015 . 32 Wagstaff and van Doorslaer, 1992. 33 OECD, 2011. for high-and low-income households, respectively), but the study also reports out-of-pocket spending as a percentage of final consumption to be higher in Switzerland (6.2 per cent) than in the US (3.1 per cent). With respect to the studies in this issue, estimates of out-of-pocket expenditures are typically available only for aggregate measures of health spending. In the Netherlands, for example, per-capita expenditures (including home health care) are about the same as in the US. Yet the low overall percentage of out-of-pocket spending (4.6 per cent) implies average out-ofpocket expenditures less than half those in the US. 34 Christensen, Gørtz and Kallestrup-Lamb (this issue) provide considerable detail about out-of-pocket spending in Denmark, and while the estimates do not include nursing and home health care, out-of-pocket expenditures near the end of life are very modest for the elderly: just $380 for males and $424 for females. By contrast, out-of-pocket spending near the end of life in the US is considerably larger for hospitals ($2,176), prescription drugs ($1,453) and physician payments ($878); see Table 4 . 35 One recent study that might appear to contradict these results compares spending in the last six months of life across cancer patients in several developed countries. 36 Its estimate of inpatient hospital spending in the last six months in the US ($18,500) is higher than those in the Netherlands ($10,936) and the UK ($9,342) but lower than those in Canada ($21,840) and Norway ($19,783) . However, the results do not report out-of-pocket spending separately and are limited to utilisation in the hospital setting. More importantly, the dollar amounts are adjusted using an OECD price index that adjusts away the much higher prices of health care in the US (for both inpatient and outpatient care). From the results, it is thus difficult to measure how, for example, the loss of a spouse might affect a widow or widower's financial security.
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In sum, there is remarkably little evidence on the distribution and characteristics of out-of-pocket spending in other countries, but what little evidence there is suggests that the US is an outlier with regard to the extent to which it exposes its citizens to the risk of out-of-pocket expenditures. Additional studies of the microeconomics of out-of-pocket expenditures would be valuable for assessing equity in these health care systems. 34 Bakx, O'Donnell and van Doorslaer, this issue. 35 The Danish data are for the last 12 months of life whereas the HRS exit interview is for deaths that occurred since the last survey, an average of around 15 months ago.
36 Bekelman et al., 2016. 37 One might argue that the higher levels of US out-of-pocket spending could be justified by the greater health benefits they provide. For patients with very advanced cancers, most patients express a preference for dying at home. Indeed, one randomised trial found that patients with metastatic cancer treated with early palliative care lived longer than the control group treated more intensively (Temel et al., 2010) . Bekelman et al. (2016) showed that fewer cancer patients in the US died in hospital, but more were admitted during their last six months to an intensive care unit, suggesting mixed evidence on US end-of-life care relative to that in other countries. 
